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Domains and domain walls play key roles in determining the properties of ferroelectric 
materials. Investigations on domain evolution behaviors with external temperatures and electric 
fields are of significant scientific value and meaningful for practical applications. Scanning probe 
measurements are performed in this paper to study the domain evolutions under external 
temperatures and local electric fields at nanoscale. Results by the piezoresponse force microscopy 
(PFM) demonstrate that the domain structure clearly changes during phase transitions, which is 
also in accordance to the macroscopic dielectric behavior. Kelvin probe microscopy is introduced 
to study dynamics of artificially created domains. Experimental results show that the artificially 
created domains are stable during the testing time range. Moreover, the time-dependent surface 
potential decay of artificially created domains can be classified into three groups by the 
temperature range upon heating, which is also correlated to the phase structure of the crystal at 
each temperature region. We believe that our work can deepen the understanding on domain 
kinetics of the PMN-PT single crystals and also provide instruction on the application of such 
relaxor ferroelectric single crystals on digital memory devices. 
  
